With rising awareness of global warming and its consequences, greater efforts are being made to make our cities more sustainable. Among many factors that can lead to more a sustainable future, policies encouraging walking and the use of public transportation can be considered as major priorities in planning. There is a significant body of research concerning the process of rating urban structure according to its ease of access for pedestrians and concerning the relationships between walking and public transportation. However, there are few studies focused on the direct relationship between walking and Light Rail Transit (LRT). This study sought to understand the effect of the so-called walkability of urban areas on LRT usage in the USA and Japan. To achieve this goal, an objective, an internationally applicable method for quantifying walkability, was devised using urban structure and street network data in the USA and Japan. Walkability indices derived using this method was used to measure the effect of walkability in station areas on LRT ridership in both countries. Results show that the urban structure around stations in Japanese cities can generally be considered more walkable than cities in the USA. Moreover, station area walkability has a measurable effect on LRT usage, but only in the USA.
Introduction
As scientific consensus continues to grow regarding the negative effects of climate change resulting from greenhouse gas emissions, cities across the globe are coming to terms with the need to reduce their environmental impact. Increasing public transportation usage and thus reducing automobile dependence, length per population, all had a positive effect on LRT success. Currie et al. [14] tested 57 light rail systems in North America, Australia, and Europe to determine the influences on ridership, concluding that service level, a so-called "European Factor," speed, integrated ticketing, and employment density affected ridership. This European Factor could be considered a proxy for walkability due to the high rate of pedestrianization in European cities, but was not further investigated in the study. Finally, Werner et al. [4] used micro-level and macro-level environmental measures of walkability for neighborhoods surrounding LRT stations in Salt Lake City to test against LRT usage. Micro-level characteristics such as traffic/crime safety, pedestrian amenities, aesthetics, and others were measured using the Irvine-Minnesota Inventory environmental audit. Macrolevel measures included density, land-use mix, and street network connectivity. Their findings showed that LRT usage is positively affected by walkability at both micro-and macro-level scales, but focuses only on a single city in a single country. It is clear that while urban walkability and its influence on transportation has been well documented, there is little research specific to walking and LRT, especially in the context of international comparison or Japan.
The goals of this study were twofold. First, it aimed to establish a simple and objective quantitative method for measuring walkability for the areas surrounding LRT stations in the USA and Japan. Second, it aimed to utilize the resulting walkability index in analysis to better understand the relationship between walkability and LRT usage in the USA and Japan.
Analyzing the effect of walkability on LRT usage
This study made use of objective macro-level measures of the built environment as potential factors in urban walkability. Though many walkability indices both in research and on the internet make use of more detailed (micro-level) field audits and crowd sourcing, one of the aims of this study was to avoid using such subjective data. Research by Parks and Schofer [15] , Lin and Vernez Moudon [10] and Özbil and Peponis [16] has shown that objective measures of urban environment can be used in lieu of subjective measures for analysis, and in fact show strong association with walking activity. Data sets for this study were chosen with the primary concern of maintaining compatibility between American and Japanese data, and as such, data that could not be transformed to be equivalent between the two countries was left out from the study.
Selected potential walkability factors were analyzed using Principal Components Analysis (PCA) for grouping and walkability scoring. Finally, the resulting walkability index, in combination with other factors considered likely to affect LRT ridership, was tested against LRT ridership by way of linear and multiple regression analysis.
Target cities were those with LRT systems as defined in LRT: Next-generation Streetcars and Urban Development and Tramways of Japan [18] . Target LRT systems in the USA numbered 24 with a total of 1293 stations, and target systems in Japan numbered 21, with a total of 616 stations. The LRT systems are listed in Table 1 and Table 2 . 
Creating an index to measure walkability
Principal Components Analysis was used to create a quantitative index of walkability. PCA is most often used for grouping correlated data into a set of aggregated synthetic variables known as components. Component scores, a by-product of the analytic process, may also be used to form data indices [19] . This study made use of these traits of PCA to group urban characteristic data and assign walkability scores to every LRT station area in the study. Data chosen for the walkability index largely consisted of street network connectivity indicators, with additional measures that were considered possible factors in walkability. All data for the walkability index was gathered for 1 km radius circular buffers around every LRT station in the study (herein referred to as station zones). Other studies tend to use smaller areas for capturing walkability effects, but evidence suggests that people are willing to walk farther in more walkable areas [20] [21] [22] . As such, the larger 1 km area was chosen to avoid missing any effects of walkability that might occur further out.
The following variables were selected as possible measures of walkability: a. Walkable street length -The total length of all streets in the station zone where pedestrian access is allowed (excludes expressways, on-ramps, and other pedestrian-prohibited roadways). b. Intersections -The total number of intersections within the station zone.
Does not include dead ends. c. Block length -The average length of walkable streets between intersections.
Calculated by dividing total walkable street length by intersections. d. Urban land cover -The total area of land in the station zone with at least 50% coverage by impermeable surfaces. e. Impeded pedestrian catchment area (IPCA) -A measure of pedestrian access introduced by Schlossberg [23, 24] , making up the total continuouslywalkable area (by street network) with the station zone, after removing pedestrian-inaccessible roadways. Expressed as a ratio of total station zone area. f. Dead ends -The total number of dead ends within the station zone. This includes dead ends created by removing pedestrian-inaccessible roadways. g. Dead ends / intersections ratio -The ratio of dead ends (as measured above)
to intersections within the station zone. h. Intersection quality -The average number of street connections per intersection within the station zone. i. Street hilliness -The standard deviation of elevation changes on all walkable streets in the station zone. The above variables were run through PCA separately for the USA and Japan, initially without scoring in order to confirm data grouping. PCA was performed in SPSS using varimax rotation with the Eigenvalue 1 and scree plot criteria for component grouping. Table 3 and Table 4 show the resulting rotated PCA outputs for the USA and Japan. For clarity, coefficient values below -0.4 are not shown. While the number of components derived from the PCA differs between the USA and Japan, the variable groupings are largely the same. Intersections, walkable street length, block length, urban land cover, and IPCA ratio make up component 1 in both countries, and can be considered a clear indicator of walkability. The second component, made up of dead ends, dead end/intersection ratio, intersection quality, and in the case of Japan street hilliness, can be considered indicative of walking impedance. Though street hilliness occupies its own component in the USA and part of the impedance component in Japan, it is certainly not a variable, which makes up walkability.
With data grouping confirmed, the analysis was run again to assign a component (factor) score for each data point. This procedure assigned an individual walkability score for every station zone in the study. Stations were then ranked within each country and spot checked in ArcGIS to confirm that the scores were viable. The final outcome of this process was a set of two new quantitative variables to test against yearly LRT ridership: walkability and impedance. In the case of the USA where street hilliness occupied its own component in PCA, it was included in later analysis as its own variable with its original data (standard deviation of elevation).
Testing the effect of walkability on LRT usage
In order to understand the interaction between walkability and LRT usage, several common influences on transit ridership were tested with regression analysis against yearly LRT ridership.
The variables tested in regression analysis along with the walkability index score comprised characteristics of LRT systems, transportation connections, weather, and additional factors that were considered possible influences on LRT ridership. Variables were selected as follows: a. Walkability -The mean walkability score of all station zones within an LRT system. Derived using scores for component 1 in PCA, detailed above. b. Population -The total population within a 1 km buffer area of all lines within an LRT system. c. LRT fare -The average fare of an LRT system. Calculated by dividing passenger revenue by total yearly passenger trips [25] . d. LRT headway -The average headway of an LRT system. Calculated by dividing directional route miles by average speed, then dividing by total weekday vehicles [25] . Since this data was not available in Japan, average headway was estimated using timetables. e. LRT speed -The average speed of an LRT system. Calculated by dividing total yearly revenue km by revenue hours [25] . Revenue hour data is not reported in Japan, so speed was calculated by averaging speeds calculated for each LRT line in a system. Line speeds were derived by dividing one-way line length by typical transit time for that line. f. LRT station spacing -The average spacing between stations in an LRT system. Calculated by dividing total one-way line length by total station number -1. g. Stations -The total number of stations in an LRT system. h. System length -The total track length (both ways) in an LRT system. i. Bus connections -The total number of bus connections within 100 m of each LRT station in a system. j. Rail connections -The total number of rail connections within 100 m of each LRT station. This includes other LRT lines sharing the same station. k. Degree days -A measure of non-ideal temperature conditions. Calculated by multiplying the number of days above or below 18.3°C by the number of degrees above or below 18.3°C [26]. l. Precipitation -Total annual precipitation (rain and snow/other). m. City center distance -The average distance from city hall of all LRT stations in a system. n. Walking Impedance -The mean impedance score of all station zones within an LRT system. Derived using scores for component 2 in PCA, detailed above. o. Street hilliness -The standard deviation of elevations on all walkable streets in the station zone. Used in regression analysis for the USA . As with the PCA procedure above, tests were performed separately for the USA and Japan. Multiple regression analysis was used to test the combination of the above variables against yearly LRT ridership. For this study a forced stepwise procedure was implemented, whereby walkability and population were first forced into the analysis. Walkability was the most desired test variable, and population was force inserted to serve as a control for differences in city size, therefore neither was removed during the analysis. Further variables were inserted in a stepwise fashion, retaining variables that most increased adjusted R 2 . Finally, wrong-signed and lowest t values were removed to reveal the relationship between walkability, population, other variables, and LRT ridership. Results for the USA and Japan exhibited marked differences. Table 5 and  Table 6 show the summaries for each multiple regression analysis. The above results show the clearest relationship between walkability, population, and the other variables tested. In the USA, precipitation and LRT headway combine with population and walkability to affect LRT ridership, whereas in Japan system length, city center distance, and LRT speed combine with walkability and population to affect LRT ridership. Both models fit moderately well, with over 60% of variability explained.
In the USA, population exhibits the largest influence on ridership with a standardized coefficient of 0.508, demonstrating the fact that as city size increases, so too should ridership. LRT headway shows a negative relationship with ridership, corroborating previous research that shorter headway yields greater ridership [27] . Precipitation exhibits a negative effect on ridership, as perhaps riders are unwilling to wait in the rain at LRT stops. Its effect is insignificant, however, with a p value of 0.120. Finally, walkability, though not significant at the 0.05 level, does have an effect on LRT ridership. As for Japan, population is not significant at the 0.05 level, but does seem to affect ridership. System length, which is significant with the largest standardized coefficient of 0.574, has the greatest effect on ridership. City center distance also has a significant effect on LRT ridership, indicating that LRT ridership was higher in cities whose LRT system is on average closer to the city center. LRT speed also interacts with the other variables, but has no significant effect on ridership. Walkability in Japan does not appear to have an effect on ridership. Note: * p < 0.10; ** p < 0.05; *** p < 0.01 Adj. R 2 0.646; N 24. Table 6 : Multiple regression analysis (Japan).
The most important distinction to make between analyses for the USA and Japan is that though walkability in combination with other variables does have a measurable effect on LRT ridership in the USA, no viable combination of variables in Japan show walkability as having an effect on ridership. Whereas the p value for walkability in the USA is 0.098, the p value for walkability in Japan is 0.480. It is clear that walkability has no influence on LRT ridership in Japan, using the currently-selected variables.
Discussion
The goals of this study were to create an objective and quantitative index of macro walkability, and to use that index to understand the relationship between walkability and LRT usage in the USA and Japan. To do so, data was gathered for several measures of urban structure and street network connectivity, for 1 km radius circular buffers around every station in target LRT systems in the USA and Japan. Principal Components Analysis was used on these possible walkability measures, resulting in a pair of walkability indices for the USA and Japan that were strikingly similar in terms of variable grouping. Those indices were used to test walkability and other variables against LRT ridership using multiple regression analysis. Results from the analysis show that in combination with select variables, walkability does have a positive, if moderate, effect on LRT ridership in the USA. However, the same is not the case in Japan.
Why might walkability not affect LRT ridership in Japan while it does in the USA? One possibility is that Japan already has more walkable urban structure surrounding LRT stations, as well as less variability in walkability between stations and between cities. Indeed, running a new PCA without separating American and Japanese cities shows that the mean walkability score of Japanese cities is higher than American cities. An individual t-test demonstrates that the mean walkability score in Japan (0.30 ± 0.05) is higher than that of the USA (-0.14 ± 0.05), with a statistically-significant difference of 0.44 (95% CI, 0.35 to 0.53), t (1331.07) = 9.641, p < .0005. Figure 1 illustrates that not only do mean walkability scores differ between the two countries, but the range of scores is much broader in the USA than in Japan. With walkable urban structure already successfully established in Japanese target cities; it is possible that walkability does not vary enough between Japanese cities to influence LRT usage as tested.
Challenges and further study
One of the major limitations of this study lies in the nature of available data. Since data was chosen to be consistent between both the USA and Japan, what was available presented a much smaller set of data than what would normally be desirable for testing. Crime, for example, can have a large impact on the walkability of a station zone [28] , but data for crime in Japan is not available in a consistent format that could be matched with American crime data. Additionally, basing measures of macro walkability on street network data has its own inherent problems. The most trustworthy street data for both the USA and Japan is GIS line data available from each national government, and lacks detailed street information. Streets that were considered walkable for this study were simply those streets where pedestrians are allowed by law. There is no accounting in the data for whether or not a street is actually pedestrian friendly or hostile. This is an especially pertinent issue in comparing between the USA and Japan, as Japanese urban structure, often with narrow streets and many intersections, differs greatly from American urban structure, especially in relatively newer cities. Data for sidewalks or pedestrian paths or even road width could do much to alleviate this issue, but at the present time there is no consistent data available for both the USA and Japan.
Future study will include analysis of the relationship between walkability and LRT usage at the level of individual LRT lines. With a higher level of detail, it is possible that more subtle relationships between walkability and other variables and LRT usage can be determined, both in the USA and in Japan.
Conclusion
This study showed that using Principal Components Analysis for quantifying walkability yields similar and useable results in both the USA and Japan. This method has the potential to be applied to any city worldwide where the same street network data is available. Though it lacks a level of detail that could be obtained by subjective judgment and field audits, as a broad indicator of the walkability of urban structure it could be of great use to planners. Furthermore, walkability as measured by street connectivity has a limited but measurable effect on LRT ridership in the USA. Though street network-based walkability does not appear to have a measurable effect on LRT ridership in Japan, it is clear that walkability around LRT stations in Japanese cities is higher than in American cities. These conclusions alone demonstrate an interesting phenomenon deserving of a more detailed investigation. 
